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Fig. 6. (a) Time history of the CNRs for all the base stations used to compute
the navigation solution in Region B. (b) Time history of the pseudoranges
estimated by the cellular SOP receivers and the corresponding true range in
Region B. The initial values of the pseudoranges and ranges were subtracted
out for ease of comparison. (c) Time history of the pseudorange error
(pseudorange minus the true range) for all cellular SOPs in Region B.

D. Discussion

The navigation performance in all three Regions is summa-
rized in Table II.

TABLE II
NAVIGATION PERFORMANCE WITH CELLULAR SIGNALS

Metric Region A Region B Region C

Cellular towers {3G, 4G} {6, 5} {9, 5} {7, 4}
Cellular frequencies (MHz) 881.52 881.52 881.52

731.5 731.5 1955

751 739 2145

Flight duration (mins) 9 11 8.5

Flight length (km) 51 57 55

Altitude AGL (ft) 5,000 0 – 7,000 15,000

Position RMSE (m) 10.53 4.96 11.67

Velocity RMSE (m/s) 0.58 0.50 0.71

Maximum position error (m) 22.67 15.04 25.89

Maximum velocity error (m/s) 2.29 3.19 3.94
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Fig. 7. Experimental layout and results in Region B showing: (i) BTS
and eNodeB positions, (ii) true aircraft trajectory, and (iii) aircraft trajectory
estimated exclusively using cellular SOPs. The aircraft traversed a total
distance of 57 km traversed in 11 minutes during the experiment. The position
RMSE over the entire trajectory was found to be 4.96 m. Note that the position
estimate on touchdown is less than 3 m away from the true aircraft position
and is well within the runway.

The achieved results unveiled the remarkable potential of
utilizing cellular SOPs for sustained accurate high altitude
aircraft navigation. The results presented herein, although
promising, can be further improved upon in several ways.
The following are key takeaways and design consideration for
reliable aircraft navigation with cellular SOPs.

• Accounting for the aircraft dynamical model mismatch:
Aircraft, such as the C-12, can perform a variety of highly
dynamic maneuvers. The dynamics model employed in
the EKF in this study did not perfectly capture the
aircraft dynamics throughout its trajectory, leading to
increased estimation error due to the mismatch between
the actual aircraft’s dynamics and the dynamical model
assumed by the EKF. This mismatch can be mitigated
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Objective:
• Develop radio SLAM: a GPS-less reliable and

accurate autonomous navigation system,
exploiting ambient terrestrial signals

• Demonstrate radio SLAM on high-altitude US
Air Force aircraft


